We develop a method to evaluate the resolution of seismic images using a wave-equation-based operator. The one-way wave-equation-based propagator is used to extrapolate the wavefields from both the source and receivers to a target region. The plane wave analysis method is used to decompose the wavefields and calculate the wavenumber domain resolution function. The method can be applied to complex models without smoothing velocity. It can also handle irregular acquisition geometry and finite frequency band. The resulting resolution function can be used to estimate image quality or correct the image distortion caused by the uneven illumination.
INTRODUCTION
The effect of acquisition on resolution of a seismic image can be evaluated using the coverage of scattering wavenumbers in the target Fourier space (Beylkin, et al., 1985) . This coverage is affected by the acquisition configuration, the background velocity model and the frequency band of the signal. Due to the irregular acquisition geometry and complex velocity model involved in the seismic migration imaging processes, the resolution analysis is usually conducted using simplified model geometries or using the ray-based high-frequency asymptotic methods (e.g., . The seismic illumination analysis shares many common basis with the resolution analysis (Muerdter and Ratcliff, 2001ab; ). However, traditionally illumination analysis mostly focuses on how the model space is covered by seismic energy and there is no emphasis on image distortion caused by illumination.
Recently, progresses have been made in several related areas. The angle related information is emphasized in the illumination analysis and the relationship between the illumination and resolution being investigated . The local angle related information has been extracted from the wave-equationbased propagators and applied to the illumination analysis (Xie and Wu, 2002; Chen, 2002, 2003; Xie et al. , 2004 .
In this paper, we investigate the relationship between the resolution and illumination using the waveequation-based propagator. The resolution function can be calculated in both wavenumber and space domains. The new method has the advantage of handling wave motion phenomena. The complex models can be treated without smoothing velocity. Finite frequency band can be used in the calculation. This method can also handle irregular acquisition geometries. To demonstrate potential applications of this method, numerical examples are calculated using the 2D SEG/EAGE salt model. This analysis neglects the influence of different approximations of migration operators and variations of the model from the true structure to the resolution. For a full theory of imaging resolution including the influence of imperfect propagators, and the related numerical examples, see our other studies . 
FORMULATION
Consider using a survey system composed of a source located at s r and a receiver located at g r to investigate the subsurface target within a small region ( ) V r neighboring location r (see Figure 1 ). With one-way Green's functions for heterogeneous background velocity model, the reflection seismic data can be expressed as 
.
Substituting equation (3) into equation (2), we obtain ( ) A ω r k r r is the wavenumber domain illumination function given by Xie, et al. (2004) . For an acquisition system composed of multiple sources and receivers and within a finite frequency band, the image can be expressed as 
Equation (8) 
where " * " stands for the convolution with respect to ′′ r and ( ) 
Equations (9) and (11) give the point spreading function in wavenumber and space domains. They are related by the Fourier transform. Equation (9) also shows the relationship between the illumination and resolution. We see from equations (8) and (10) , or correct the illumination caused image distortion by deconvolving R from the migration images . 
NUMERICAL EXAMPLES
To demonstrate the resolution analysis using a wave-equation propagator, a group of numerical examples are calculated using the 2-D SEG/EAGE salt model and its acquisition configuration. The wavefield is extrapolated using a wide-angle one-way propagator . Shown in Figure 2 are the velocity model and the wavenumber domain resolution function using equation (9). The enlarged resolution functions are shown for selected locations in the bottom panel of Figure 2 . In the sub-salt region, the resolution function is weak and distorted, resulting in poor-quality images for structures oriented in certain directions.
Two examples are calculated to show the responses of structures to the background velocity model and acquisition system. The upper panel of Figure 3 shows an array of point scatters embedded in the SEG/EAGE salt model. The resulting images in the lower panel of Figure 3 simulate the point spreading functions at different locations in the model. In Figure 4 , an array of 40-degree dipping reflectors is used. The migration image reveals the illumination to the specific dipping angle. Figure 5 explains the process of generating a synthetic image. The upper panel is the velocity model. The region within the dashed square is chosen to demonstrate the precess. In the lower panel and from left to right, the velocity model is Fourier transformed to the wavenumber domain and filtered by the wavenumber domain resolution function. Then, the filtered model is transformed back to the space domain. Repeating this process for the entire model generates the synthetic image. Shown in Figure 6 are the reflectors and synthetic image generated using this technique. The upper panel is the prestack depth image. The region within the dashed square is chosen to demonstrate the processing. In the Lower panel and from left to right, the depth image is Fourier transformed to the wavenumber domain and the resolution function is deconvolved from the image. The process is actually conducted in the wavenumber domain by division. Proper water level is used to maintain the stability. The modified spectrum is transformed back to the space domain and forms the modified image. Repeating this process for the entire model generates the resolution deconvolved image. Figure 8 shows the original depth image and the resolution deconvolved image. The images of the subsalt structures, particularly some of the steeply dipping structures, are improved.
CONCLUSIONS
In this research, we developed a method for resolution and illumination analysis. Using the waveequation-based propagator and plane wave decomposition, the method can be applied to complex models without smoothing velocity. Different acquisition configurations can be adopted in the calculation. The resolution function can be used to simulate a synthetic migration image, correct the depth image, and conduct illumination analysis for specific acquisition systems and velocity models.
